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Expansion planning 
Problem: for a given power plant candidate set, choose when the 
candidate-power plant(s) should be built for all planning periods t such 
that the discounted expected capital, operating, maintenance, and 
penalty costs incurred during the planning horizon are minimal  



        is output of power plant g at time interval t,  
        is a binary variable that have value 1 if new power 
        plant g is built at time interval t and 0 otherwise,  
        is maximum output of new power plant g,  
        is maximum output of old power plant g,  
        is power plant g operational costs,  
        is power plant g capital cost and fixed operating costs,  
        is demand at time interval t, 
        is discount factor,  
T     is planning horizon.  



Decision Tree 
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Optimal path 

Investment cost for moving from state s1 in year (t-1) to state s2 in 
year t (Investment cost * Rate of Return) 

O&M cost for at state s2 in year t  
(Variable O&M + Marginal Fuel Cost) 
Penalty cost for at state s2 in year t 

Optimal strategy cost; Total cost for path p 

Path; Set of all possible paths 

Branch; Set of all branches that belongs to path p 



•  States: State is existence of the power plants, both existing and new 
candidate units. This variable is chosen as a state because the existence of 
new power plant can be controlled by the action of building or not building a 
unit. 

•  Actions: Build the candidate-power plant(s) or do nothing.  

DP – Tabular Approach 

•  States and actions tables:  



Reward function 
If the system is in state     and action     is taken then in period t the reward will be: 

Expected operation and maintenance costs: Capital costs: 

cg(Pg) = Variable O&M + Marginal Fuel Cost 



DP – Tabular Approach 

•  Transition table: states correspond to rows and the actions correspond to 
columns of the table and an element is the next state index from the state 
matrix: 

•  Reward table 



Example 
Old power plants New power plants 



Example -Load duration curve 
•  Forecasted Demand (GW): Basic load curve is ISO NE 1994. Load growth 

is assumed 3% per year. Load duration curve (LDC) is calculate as an a 
2920-hour average, except for the first interval where the maximum 2920-
hour maximum is used. 



Example - States and Action 
Tables 

•  States table •  Action table 



Example -Transition Table 



Example - Year 1 



Example - Year 1 (cont’d) 



Example - Year 1 (cont’d) 



Example - Year 1 (cont’d) 



Example - Decision tree 



Example - Decision tree 



Example - Decision tree 



Example - Decision tree 



Example - Decision tree 



Example - Decision tree 



Optimal action policy is: x1; x1; x5; x1; x1 and the optimal states are 
S(I,1), S(I,2), S(V,3), S(V,4), S(V,5). Total plan cost is 
$12,191,629,664. 

Example – Optimal strategy 



Example – Average Electricity Price 
To earn 10% rate of return on the investment average electricity price is:  

a) One time investment b) Uniform-investment over 30years 



Summary 
•  The example given is for regulated least

-cost-planning 
•  See Marija Prica, PhD ECE CMU, June

 2010 for the results on Centralized Peak
 Load Pricing, as well as Interactive
 Planning Framework using the same
 numerical approach.  

•  Contact: milic@ece.cmu.edu for more info
 on this.  


